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STREPTOCOCCUS INFECTION OCCURRING IN
FERRETS INOCULATED WITH HUMAN
INFLUENZA VIRUS*
1. J. BRIGHTMAN
The recovery of a filtrable virus from children with influenza
has been described in other papers" T, the virus was isolated by
means of the intranasal inoculation of ferrets with nasopharyngeal
washings. The ferrets reacted to the washings with an acute respira-
tory infection, followed by recovery. After the virus had been
transmitted in series through ferrets for' several generations, the
reactions exhibited by many of the animals appeared to be unusually
severe, and cultures of the lungs and of the heart blood revealed
an invasion with a hemolytic streptococcus.
The studies described below are limited in extent, but seem
worth reporting for they throw some light on the source of the
complicating organism and its role in the experimental virus disease
so produced in ferrets.
Alteration of Experimental Ferret Disease by Streptococcus
Infection
The animals inoculated with the original nasopharyngeal wash-
ings from the children reacted with what was later proved to be
a pure virus disease. After an incubation period varying from two
to six days, there occurred a marked rise in temperature, and
simultaneously there appeared symptoms of an acute respiratory
disease, featured by nasal discharge, sneezing, and lethargy. The
fever assumed a diphasic curve, a moderate drop occurring on the
second day of symptoms, followed by a secondary rise on the third
or fourth day. The animals completely recovered after eight or
ten days of illness.
The same experimental picture was produced when the virus
was transmitted in serial passage through ferrets for two or three
generations (Fig. 1 A). The passages were effected by employing
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FIG. 1. Temperature charts of ferrets demonstrating occurrence of streptococcus
invasion after several serial passages of Virus Strain B, and results of inoculations of
the recovered virus, streptococcus, or both into fresh ferrets.
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as inoculum the filtered or unfiltered bacteria-free lung suspensions
or nasal washings obtained from animals ill with the disease. The
lungs of such animals as were sacrificed at the height of the reaction
were found to be involved with lesions of a peribronchial focal
pneumonia, and proved to be bacteria-free on culture, although
some hemolytic streptococci were occasionally found in the nasal
washings. In the fourth and fifth passage animals, cultures from
the lungs occasionally yielded hemolytic streptococci in very small
numbers, only a few colonies being visible on blood agar plates at
the end of 48 hours. The pulmonary lesions were now more exten-
sive but qualitatively unchanged. However, as the serial passages
were continued and unfiltered preparations employed as inoculum,
several of the animals were affected by the disease in a much more
severe manner. Dyspnea and cyanosis became prominent features,
lethargy and prostration appeared extreme, and at the end of each
expiration grunting could be heard. The first phase of fever was
often prolonged and the second occasionally absent, the temperature
failing to rise again while the animal passed through a stormy course
and frequently to a fatal termination (Fig. 1 B). Subnormal
temperatures were sometimes encountered for one or two days
before the animal expired. Hemolytic streptococci were recovered
in abundance from the lungs, blood-stream, and the abdominal
viscera of these animals.
This bacterial invasion was encountered in 15 instances out of 46
ferrets successfully inoculated with the virus. As previously men-
tioned, it occurred chiefly during the latter part of the investigation,
after the virus had been transmitted through ferrets for several
generations. No bacteria other than the hemolytic streptococcus
were recovered.
The pathological findings differed greatly from those found in
the pure virus infections. The lungs were massively consolidated
and swollen, deep purple in color and covered with a thick,
mucinous, white exudate. Often there appeared a small amount
of muco-sanguineous fluid in the pleural cavities. The organs in
the abdominal cavity were also coated with a mucinous exudate.
Microscopically, the structure of the lungs in several areas was
almost completely obliterated, the fields being occupied by a diffuse
polymorphonuclear exudate, associated with edema, hemorrhage,
and necrosis. The streptococcus could readily be seen in smears of
lung tissue and of pleural fluid.
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Characteristics of the Bacterial Organism
The organism proved to be a gram-positive oval or round
coccus, appearing in long chains when recovered from the lungs or
pleural exudate. Large capsules were demonstrated by the India
ink and Hiss gentian violet stains. On rabbit-blood agar plates it
produced yellow-white, convex, semi-transparent, mucoid colonies
of 3 to 4 millimeters in diameter, with large surrounding areas of
hemolysis. In blood broth, the 18-hour culture was diffusely
cloudy, with an occasional fine flocculation in the lower half of the
tube. Considerable hemolysis was present.
As the material with which the passage ferrets had been inocu-
lated had been bacteria-free, an attempt was made to determine the
source of the streptococcus. For this purpose, nasal washings were
taken from a group of normal ferrets which had recently arrived at
the laboratory. The method was to place the animals under a
light ether anesthesia, insert a thin rubber catheter into one nostril,
and inject a small quantity of sterile broth, the fluid returning
through the other nostril and the mouth, and being collected in a
sterile Petri dish. The specimens obtained in this manner were
streaked upon blood agar plates. The predominating flora of the
ferrets consisted of staphylococci, gram-negative cocci, and diph-
theroid bacilli.
From two of ten animals examined, however, there was obtained
in small numbers a streptococcus similar in all respects to that
obtained from ferrets dying from the experimental disease.
Further evidence of the ferret origin of the organism was
obtained by means of biochemical tests, performed with tWo strains
recovered from infected animals. Growth in 5 cc. of 1 per cent
dextrose infusion broth resulted in a pH of 5.0 after incubation for
4 days. The test for hydrolysis of sodium hippurate was negative.
The organism was found to ferment sorbitol but not trehalose.
This set of characteristics placed the organism in the Group C* of
hemolytic streptococci, as classified by Lancefield4. This group
includes organisms derived from such animals as guinea pigs, swine,
foxes, etc.
* Dr. Lancefield was kind enough to check this result by performing a precipitin
test, which also placed the organism in group C.
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Pathogenicity of the Organism
To determine the role played by the hemolytic streptococcus in
this experimental disease in ferrets, pure 18-hour blood-broth cul-
tures were inoculated intranasally into ferrets in dilutions of 102
or 1O'. Ten animals were employed in four sets of experiments.
Eight exhibited no rise of temperature and manifested no evidence
of infection. Of these, two were fresh normal ferrets with no
previous infections (Fig. 1D), two had had spontaneous mild
respiratory infections but had never before been inoculated, while
four had recovered from pure virus infections several weeks earlier.
Both of the fresh ferrets later reacted positively to inoculations of
virus (Fig. ID). The remaining two animals succumbed to the
organism. One, which had received a 102 dilution, died within
24 hours, while the other, inoculated with a 10 dilution, died
after a week of illness. From each, the streptococcus was recovered
from the lungs and heart blood. Neither of these ferrets had
suffered earlier virus infections, but they had been inoculated with
virus-serum mixtures2 three and five days respectively prior to the
injection of streptococci. The earlier inoculations had produced no
responses, and it cannot be said with certainty whether they played
any part in the outcome of the tests in these two instances. How-
ever, the fact that eight animals remained unaffected by the inocula-
tion of streptococci indicates that under ordinary conditions the
organism does not readily affect ferrets when administered intra-
nasally. Experiments with white mice showed these animals also
to be resistant to the organisms by intranasal instillation, but intra-
peritoneal injection into mice proved fatal within five days.
From virus-inoculated ferrets dying of streptococcal invasion
the virus could be recovered by passing a suspension of the lungs
through a Seitz filter and inoculating the filtrate into a fresh ferret.
Such a filtrate, which proved to be bacteria-free by aerobic and
anaerobic methods of culture, was capable of producing a typical
virus reaction in the new animal (Fig. 1C). However, an unfiltered
suspension of the infected lung, which naturally contained both
virus and streptococcus, would, when injected into a ferret, produce
an extremely severe reaction, often resulting in a fatal termination,
with streptococci being recovered from all organs of the body
(Fig. 1E).
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Earlier experiments had shown that the filtration resulted in
a moderate degree of weakening of the virus2. While the reactions
produced in the ferrets by filtrates were qualitatively typical, the
incubation period was often longer and the symptoms somewhat less
severe than in infections induced by equal doses of unfiltered
preparations. It is therefore possible that the severe reactions set
up by unfiltered lung suspensions containing virus and streptococci
were due in part to the greater concentration of virus and not
entirely to the associated streptococcus. An attempt to settle this
question was made by inoculating one ferret with a combination of
a filtrate and a pure streptococcus culture and administering equal
amounts of each component separately to other ferrets as controls.
The results were inconclusive. The ferret receiving virus alone had
a mild reaction; that receiving both virus and streptococcus suc-
cumbed within 72 hours. However, the animal inoculated with
streptococci alone also reacted severely and died after 48 hours, this
ferret being one of the two previously described as reacting posi-
tively to the organism. Sufficient animals were not available to
repeat this experiment.
Immunological Relationships
The virus-streptococcus combination, as obtained from lungs of
infected animals, which was found to produce so severe a reaction
when inoculated into fresh ferrets, was entirely without effect when
injected into an animal recovered from a pure virus infection. This
is well illustrated in Fig. 2 A which shows the temperature chart
of a ferret which had been infected with a bacteria-free filtrate
of infectious material and after recovery proved to be immune to
two inoculations of virus-streptococcus combinations, both of which
induced fatal reactions in control animals.
Serum obtained from ferrets which had recovered from virus
infections was found to be capable of neutralizing not only bacteria-
free filtrates of infectious material but also the virus-streptococcus
combination. These tests were performed by mixing equal amounts
of undiluted serum and 10 per cent active lung suspensions, incubat-
ing the mixture for 30 minutes and refrigerating for an hour, and
then inoculating into ferrets. Sera from normal ferrets were used
as controls. Lung suspensions containing virus and streptococcus
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FIG. 2. Temperature charts showing immunological relationships of virus and
streptococci to experimental ferret disease.
A. Demonstration of immunity developed after reaction to pure virus infec-
tion exhibited toward combination of virus and streptococci.
B. Demonstration of neutralizing properties in serum of ferret convalescent
from pure virus infection exerted toward combination of virus and
streptococci. No neutralizing properties demonstrated in serum of
normal ferret.
produced the usual severe reaction when mixed with the normal
ferret serum; but were completely inhibited when mixed with the
serum of ferrets convalescent from virus infections (Fig. 2 B).
Discussion
The phenomenon of the streptococcal invasion of ferrets reacting
to inoculations with influenza virus is particularly interesting when
considered in the light of the observations of Dochez, Shibley, and
Mills3 on the common cold. These workers found that when the
chimpanzee was inoculated with filtered nasopharyngeal washings
from cases of common cold, such potentially pathogenic organisms
as the pneumococcus, hemolytic streptococcus, and the influenza
bacillus, which ordinarily were encountered only in small numbers
in the upper respiratory tract, appeared in considerable proportions.
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The conclusions were that these organisms were stirred to activity
by the presence of a virus infection, and that they played the part
of secondary invaders, having no role as the initial cause of the
disease.
These observations are quite analogous to the situation encount-
ered in ferrets. The troublesome hemolytic streptococcus was evi-
dently of ferret origin, having been recovered from two of ten
fresh normal animals, and falling into the animal group of strepto-
cocci by biochemical and precipitin tests. Although two discrep-
ancies occurred, the organism appeared relativelyincapableofinfect-
ing ferrets when administered as pure cultures. Further evidence
of its lack of primary pathogenicity was afforded by the immunity
tests. Here it was found that ferrets which had recovered from
pure virus infections were immune to combinations of virus and
streptococcus, and that serum from such ferrets could inhibit the
complex from infecting fresh animals. It seems likely, therefore,
that these streptococci ordinarily lie quiescent in the upper respira-
tory tract of some normal ferrets but become aroused to activity
when the resistance of the animal is lowered by extraneous factors;
in the present case by influenza virus. The rOle of the bacteria
appears to be purely that of secondary invader.
Experimental observations indicated that when unfiltered lung
suspensions containing both virus and streptococci were inoculated
together into a ferret, the reactions produced were extremely severe,
and often ended fatally with streptococci in the blood stream and
the viscera. Unfortunately, the experiment planned to determine
whether the increased severity was entirely due to the associated
streptococci in the inoculum or was in part due to a strong concen-
tration of virus was inconclusive. However, in view of the usual
failure of the streptococcus to set up a reaction by itself, it seems
most likely that the infection was initiated by the virus, but that
secondary invasion readily occurred due to the presence of the large
numbers of bacteria which had been introduced with the inoculum.
While not exactly analogous, certain phases of the human influ-
enza virus-ferret streptococcus phenomenon resemble observations
made by Shope5"6 in his studies on swine influenza. Shope reported
that while swine influenza virus alone produced only a mild afebrile
reaction in hogs the addition of H. influenzae suis resulted in the
typical picture of swine influenza. In our studies and in those
of Shope, the bacteria involved were by themselves apparently
innocuous, but they differed in the roles played in the respective
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experimental diseases. The influenza bacillus was shown to have
an essential part in the etiology of swine influenza, whereas the
streptococcus appeared as a secondary invader in a disease initially
set up by the human influenza virus alone. However, the immuno-
logical relationships in the two conditions are sufficiently alike to
warrant mention. As in our work, Shope found that animals con-
valescent from the virus disease were immune to mixtures of virus
and bacteria, and that the sera of such animals were capable of
inhibiting the action of the complex.
Conclusion
The hemolytic streptococcus recovered from the lung and heart
blood of ferrets reacting severely to intranasal inoculation of human
influenza virus is of ferret origin and plays the rOle of a secondary
invader in the experimental virus disease.
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